
AP-*All lq AAMY £ (,INEER WAERmAYS EXPttIENY STATION VICKSRURG.-ETC F/O 1312"
SVMMARY REPORT: MOOLL-PRO1OTYPE COMARISON4 STuY OF OTRE SYSTEM--ETC(,
MAY 82 1j J FRANCO

*0SS61 Es-TR-'.L-62-11 NI



11,4

......... ......



1*0



Unclassified
SECURITY CLASSIFICATION OF THIS PAGE (55,.. Del* Xneer.O

READ INSTRUCTIONSREPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
I. REPORT N5981R 2. GOVT ACCESSION NO. &. RECIPIENT'S CATALOG NUMBER

Technical Report HL-82-11 A41 f 1.2 01 1 _ __________
4. TITLE (and Sah~flo) S. TYPE Of REPORT A PERIOD COVERED

SUMMARY REPORT: MODEL-PROTOTYPE COM1PARISONS
STUDY OF DIKE SYSTEMS, MISSISSIPPI RIVER; Final report
Potamology Investigations S. PERFORMING ORO. REPORT NUMERM

7. AUTHOR(a) S. CONTRACT GRt GRANT NUMUERfa)

John J. Franco

S. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMIENT. PROJECT, TAUK

U. S. Army Engineer Waterways Experiment Station AE OKUI Z

Hydraulics Laboratory
P. 0. Box 631. Vicksburg, Miss. 39180 _____________

11- CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

The President, Mississippi River Comission May 1982
P. 0. Box 80 IS. NUMBSER OF PAGES

yickbura Mis. 318085
'14 MONITRING AENC NAM . W"ADDRESS(If different m Cinuhe~isw Office) IS. SECURITY CLASSL (of tis. We"f)

Unclassified

I"a DECLASI FICATIONfDOWNGRA^DING
SCHEDLE

If. DISTRIOUTION STATEMENT (of Ala Peort)

Approved for public release; distribution unlimited.

( I?1. DISTRIBUTION STATEMNIFT (.IS.e a464&a4 enton in Bfeck^ 5@0Ii l t Av Abpect)

IS. SUPPLEMENIITARY NOTESI

Available from National Technical Information Service, 5285 Port Royal Road,
Springfield, Va. 22151

III. KEY WORS(Cmetweu aun #"nwo &Aft filn*avam idsau~ff' by blockmmbe)

Dikes (engineering)
Hydraulic models
Mississippi River
Rivers--Regulation

2L. ATRACr ffl@ho -i oerw ebbJ ,nosr we hEsnf by Weoek mnmb,

bkiIn connection with the NRC Potamology Program, Iuovable-emdlstis
were conducted of seven of the most complex and troublesome reaches of the
Mississippi River to obtain some quick general indications of the effective-
ness of plans proposed for the improvement and stabilization of those reaches.
Because of the limited time available, the studies were conducted in an exist-
ing facility with little or no adjustment of the models and in some cases
without a base test. Because of the limited size and shape of the facility, 7

WO "0"""13 Enmrweiomat.O O6 SGNLTE a&asfe

SECURITY CL.ASSFICATION OF THIS P%4E o nasan Lefe.Wd



Unclassified
SMCURITY CLASSIFICATION OF THIS PAGZEV "a ZEat#0

20. Abstract (Concluded)

only a relatively short reach of the river including the problem could be
reproduced in each model with little or no overbank areas. The horizontal
scale varied with each reach depending on its size and shape and were much
smaller with a higher distortion of the linear scales than was considered
desirable for studies of this type.

An analysis of the model results compared with developments in the river
based on an evaluation of considerable prototype data indicated that the types
of models used predicted, at least qualitatively, most of the principal trends
that actually occurred in the river with the plans tested. The degree of
accuracy of the models varied and depended to a considerable extent on the
model adjustment, characteristics of the reach, flow conditions, and similarity
between plan tested and actual construction.

The analysis of model and prototype data permitted an evaluation of the
performance of various types of dikes and dike systems and some of the princi-
ples involved in the developments within alluvial streams.

,

SecuRITY CL ABlt VICATI@N OP TH#3 PA6Sq.u Dat hDrw.



PREFACE

This paper summarizes the results of model studies conducted to

obtain some general indications of the effectiveness of dike systems

proposed for the improvement in critical reaches of the Mississippi

River, developments in the river in those reaches, and comparison of

model indications with actual river developments covered in dnail in

Technical Report HL-82-10. The study was authorized by the President,

Mississippi River Commission (MRC), in an indorsement dated 10 June 1975

to a letter from the U. S. Army Engineer Waterways Experiment Station

(WES), subject: Model-Prototype Comparison, Study of Dike Systems,

Mississippi River.

The analysis and evaluation of model and prototype data and prepa-

ration of this report were accomplished under the supervision of

Mr. H. B. Simmons, Chief of the Hydraulics Laboratory, by Mr. John J.

Franco (retired), former Chief of the Waterways Division, WES, and

former member of the NRC Potamology Board and Chief of Engineers, CE,

Committes on Channel Stabilization, under a special contract as consul-

tant for WES. The work was accomplished under the general supervision

of Messrs. J. E. Glover, Chief of the Waterways Division, and L. J.
Shows, Chief of the Navigation Branch, who also assisted in the prepara-

tion of data. Draft copies of reports on each separate reach were sub-

mitted to the Division Engineer, Lower Mississippi Valley Division, and

to the District Engineers of the U. S. Army Engineer Districts, New

Orleans, Vicksburg, Memphis, and St. Louis, for their review and

coments.

Comanders and Directors of WES during the conduct of this study

and the preparation and publication of this report were COL G. H. Hilt,

CE, COL John L. Cannon, CE, COL Nelson P. Conover, CE, and

1COL Tilford C. Creel, CE. Technical Director was Mr. F. R. Brown.

1O*ifodC

llll | u I I I I .1



CONTENTS

Page
PREFACE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)

UNITS OF MEASUREMENT .......... ..................... 4

PART I: INTRODUCTION ........... ...................... 5

PART II: MODEL STUDIES .......... ..................... 7

Description of Models ...... .. ................... 7

Adjustment and Verification ........ ................ 8
Base Test ............ ......................... 8
Tests of Improvement Plans ........ ................ 9

PART III: PRINCIPLES AND TERMS USED .............. I0

Lateral Differential in Water L'.vel ...... ............ 10
Dike Structures ........ ..................... .... 11
Channel Dimensions .......... .................... 12
Model Tests ......... ........................ ... 12

PART IV: CHOCTAW BAR REACH ...... ................... .... 13

Description of Prototype ...... ................. ... 13
The Model Study ........ ...................... ... 13
Prototype ......... ......................... .... 15
Discussion and Conclusions ...... ............... ... 16

PART V: BALESHED-AJAX BAR REACH ........ ................ 17

Description of Prototype ........ ................. 17
The Model Study ....... ................... . . .. 18
Prototype ......... ......................... .... 19
Discussion and Conclusions ...... ................ ... 20

PART VI: CARUTHERSVILLE-LINWOOD BEND REACH ..... ........... 22

Description of Prototype ...... ................. ... 22
The Model Study ........ ...................... ... 22
Prototype .... .................... ........... 24
Discussion and Conclusions ...... ................ ... 25

PART VII: ISLAND 21-WRIGHTS POINT REACH .... ............ ... 27

Description of Prototype ...... ................. ... 27
The Model Study ........ ...................... ... 28
Prutotype ......... ......................... .... 29 V
Discussion and Conclusions ..... ............... ... 30

PART VIII: CRACIFAT-SARAH ISLAND REACH ....... ........ .... 32

Description of Prototype ....... ................ ... 32
The Model Study ........ ...................... ... 33
Prototype ......... ......................... .... 34
Discussion and Conclusions ...... ................ ... 36 f

2



CONTENTS (SConclued)

Page

PART IX: KEYES POINT-FORKED DEER REACH. .. ........ .... 38

Description of Prototype .. ......... ........ 38
The Model Study .. .. ................ .... 39
Prototype .. .. ................ ....... 41
Discussion and Conclusions .. .......... ...... 42

PART X: ISLAND NO. 63 REACH .. ........ .......... 44

Description of Prototype .. ......... ........ 44
The Model Study .. .. ............... ..... 44
Prototype .. .. ................ ....... 46
Discussion and Conclusions. .. ................ 47

PART XI: DISCUSSION AND CONCLUSIONS .. ......... ..... 49

Model Studies .. .. ................ ..... 49
Prototype Analysis. .. ................ ... 52

PLATES 1-30

Acc'as-Aon Fr~r

J

II

3



CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be con-

verted to metric (SI) units as follows:

Multiply By To Obtain

cubic feet per second 0.02831685 cubic metres per second

feet 0.3048 metres

feet per second 0.3048 metres per second

miles (U. S. statute) 1.609344 kilometres
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SUMMARY REPORT: HODEL-PROTOTYPE COMPARISON STUDY

OF DIKE SYSTEMS, MISSISSIPPI RIVER

Potamology Investigations

PART I: INTRODUCTION

1. The Mississippi River Commission (HRC) Potamology Research

Program included laboratory studies and field investigations to deter-

mine the characteristics of Mississippi River channels and factors

affecting the performance of various types of training and channel

stabilization structures. One phase of this program included a series

of model studies of troublesome reaches of the lower Mississippi River

to obtain some general indications as to the effectiveness of dike

systems and plans proposed for the improvement of those reaches.

2. It was realized at the time the studies were undertaken that

the conventional type of movable-bed model study could not be made

because of the limited size of the flume and limited time available for

model adjustment and testing. The scales of the models ane, lengths of

reaches that could be reproduced were controlled by the size and shape

of the available flume and the need for development of the hydraulic

forces required to move the model bed material (fine sand) in simula-

tion of the movement of sediment in the river reach under study. For

this reason the model scales varied and were smaller with higher dis-

tortions than considered desirable for studies of this type. In spite

of the limitations, it was believed that some general indications could

be provided as to the performance of the proposed plans and of any

modifications that might be required.

3. The reaches studied in the models were also study reaches in

the river and were therefore observed closely in the field. Field data

taken in these reaches included periodic sur-:eys of the riverbed cover-

ing periods before, during, and after construction. This provided a

unique opportunity to determine the value of these types of studies and

some indication of the degree of accuracy possible, from a comparisoni S



of the model indications with developments in the field. This compari-

son involved an analysis of model results and procedure used and an

analysis and evaluation of all the prototype data made available at

that time. This report is a summary of Technical Report HL-82- ,

"Model-Prototype Comparison Study of Dike Systems, Mississippi River;

Potamology Investigations," by John J. Franco, dated January 1982, and
presents some of the more significant results of the analyses and the

principal conclusions developed.

At'
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PART II: MODEL STUDIES

Description of Models

4. The models used in these studies were of the movable-bed type,

each reproducing a reach of the Mississippi River sufficient to include

the problem area with little or no overbank areas. The bed and banks

of the model channels were molded in fine sand having a mean grain

diameter of 0.2 mm. In most cases, the banks were protected with

crushed rock or sand-cement mortar to prevent sloughing or to reproduce

banks protected by revetment in the river. Because of the differences

in the geometry and the nature of problems being studied, the horizontal

scales varied with each study and were generally smaller than those con-

sidered desirable for studies of this type, resulting in a high distor-

tion of the linear scales (see tabulation below).

Channel Linear Scales Verifi-
Reproduced, Hor- Ver- Distor- cation Base

Reach River Miles zontal tical tion Test Test

Choctaw Bar 558.0-568.0 1:650 1:60 10.8 No Yes*
Island 21-
Wrights Point 814.5-824.5 1:360 1:60 6.0 Limited No

Caruthersville-
Linwood Bend 838.5-850.5 1:540 1:60 9.0 No Yes*

Baleshed-
Ajax Bar 478.6-496.4 1:600 1:60 10.0 Limited No

Cracraft-
Sarah Island 500.5-514.5 1:480 1:60 8.0 Limited No

Keyes Point-
Forked Deer 785.0-801.0 1:600 1:60 10.0 No Yes*

Island No. 63 632.0-645.0 1:400 1:60 6.7 Yes Yes

* Some minor adjustments made during initial operation.
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Adjustment and Verification

5. The reliability and accuracy with which movable-bed models

reproduce prototype conditions are usually based on the model verifica-

tion. The normal verification is the process of adjusting the model

hydraulic forces, time scale, rate of introducing bed material, and

operating technique until the model has demonstrated its ability to

reproduce conditions known to have occurred in the prototype during a

given period with a reasonable degree of accuracy. The amount of

adjustments made on the models used in these studies varied; in some

models the adjustment and verification were omitted entirely because of

limited time available and in others the model was adjusted only until

the general trends indicated by the prototype data were reproduced.

The time scale used to reproduce the stage-discharge hydrograph was

selected arbitrarily since sufficient prototype data were seldom avail-

able that could be used to indicate rate of changes.

Base Test

6. After adjustment and verification of a movable-bed model and

before tests of improvement plans are undertaken, a base test is usually

conducted. This procedure was followed in only somL of these studies.

Base tests were started with the bed of the model molded to the latest

available prototype survey and operated by reproducing an annual average

hydrograph that could be considered as typical for the reach and used

for the tests of the improvement plans. The purposes 'f the base test

are to determine the conditions that would develop with the selected

hydrograph and to provide a basis of comparison in determining the

effectiveness of the proposed plans tested. The hydrograph is usually

repeated until the channel becomes reasonably stable or when changes

develop that would not be permitted to occur in the prototype before

construction is undertaken.

8j
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Tests of Improvement Plans

7. Tests of improvement plans were undertaken with the bed of the

model either as that obtained at the end of the base test or with the

bed of the model remolded to the conditions indicated by the latest

available prototype survey. Before start of the tests, the proposed

plan was installed as it would be when construction of the plan in the

river is completed. In some cases, the plan was installed in steps

based on the proposed construction schedule. In most cases, the test of

each succeding plan was started with the bed of the model as that

obtained at the end of the test of the preceding plan, depending on

changes that had occurred and whether or not the new plan was an addi-

tion or modification of that plan. No maintenance dredging was per-

formed in any of the tests of plans. Tests of plans and modifications

were conducted in close coordination with representatives of the Dis-

trict concerned and the NRC.

9
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PART III: PRINCIPLES AND TERMS USED

Lateral Differential in Water Level

8. Observation of developments in movable-bed models, evaluation

of prototype data, and studies on the performance of dikes at the U. S.

Army Engineer Waterways Experiment Station (WES) have indicated that the

movement of sediment and developments within the channel of an alluvial

stream have to be considered in three dimensions. The third dimension

is provided by the Franco principle of lateral differential in water

level stated as follows: "When conditions are such that a lateral

differential in water level (or transverse slope) exists or is produced

by changes, there will be a tendency for at least some of the total

flow to move toward the lower elevation; the slower moving, sediment-

laden bottom currents can make the change in direction easier than the

faster moving surface currents and account for the greater concentra-

tion of sediment moving toward the lower elevation." This general

principle is involved in many of the developments in alluvial streams

including the development of sandbars on convex side of bends; movement

of sediment around the end and behind dikes or other obstructions;

development of cutoffs and side channels; shoaling downstream of a

tributary stream, in harbor entrances, lock approaches, etc. In each

case there is either a buildup in water level on one side or a reduc-

tion caused by channel enlargement, channel contraction, and/or flow

diversion that causes some of the flow to change directions laterally.

9. Lateral differential in water level might be local or extend

across the channel as in bends. Eddies are formed in areas where the

water level is lower than in the adjacent channel. Lateral differential

in water level is difficult to measure in the field but can be antici-

pated from a study of physical conditions and their effects on flow and

the alignment of the principal currents. For maximum effectiveness,

structures and changes should be designed to provide a favorable

lateral differential in water level based on the effects desired. .

10. Evaluation of model and prototype developments and

10
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discussions with regard to the effectiveness of proposed plans are based

to a large extent on the principle of lateral differential in water

level.

Dike Structures

11. The structures used in channel improvement and development

consisted mostly of rock dikes and revetment. Rock dikes vary as to

type and arrangement, depending on the problem and purpose of the plan.

Revetment consisted of fixing the bank or banks along a given alignment

without regard to the type that might be used in the river. The various

types of dikes and terms used are given below.

A. Spur dikes - The most common type of dikes used in
channel improvement is referred to herein as "spur
dike" and extends from a riverbank channelward in a
direction more or less normal to the channel being
developed. These dikes have also been referred to as
transverse dikes, cross dikes, wing dams, jetties,
groins, etc. These dikes are usually included in a
dike system consisting of two or more dikes and may be
normal to the channel, angled toward the upstream, or
angled toward the downstream. The crest of individual
dikes might be level or sloping from the bank toward
the channel and the crest of each succeeding dike in a
system might be at the same, a higher, or a lower
elevation than the one upstream based on the low-waterplans.

(1) L-head dikes - L-head dikes are spur dikes with a
section extending downstream from the channel ends,
generally parallel to the channel line. The L-head
section can be used when the spacing between dikes
is too great, to reduce scour on the end of a spur
dike, or to extend the spur dike system farther
downstream.

(2) Level dike system - The crest elevation of each
dike in the system is the same.

(3) Stepped-up dike system - The crest elevation of
each succeeding dike is higher than that of the
dike upstream.

(4) Stepped-down dike system - The crest of each dike

is lower than the dike just upstream.

b. Vane dikes - Vane dikes consist of separate lengths of

11 I I



dikes located out from the bank in the form of vanes
with space in between dikes. These dikes are placed at
a small angle to the currents to develop the desired
lateral differential in water level.

Channel Dimensions

12. Some of the terms used in describing channel conditions and

factors affecting channel development are outlined below.

a. Depths. Depths are in feet below the low-water plane.
Project depth in the reaches covered herein is generally
9 ft.* However, in most cases depths of 10 ft were con-
sidered adequate for navigation in the analysis of data.

b. Elevations. Elevations are in feet above the low-water
plane. Elevation of the low-water plane and zero of
gages are in feet referred to National Geodetic Vertical
Datum (NGVD).

c. Low-water plane. The low-water plane is a sloping
reference based on average low-water conditions. The
low-water plane may be referred to as mean low water
(mlw), average low-water plane (ALWP), or low-water
reference plane (LWRP).

d. River miles. Unless otherwise specified, mileages are
river miles above Head of Passes.

a. River stages. River stages are in feet above the low-
water plane. In some cases, stages are referred to the
reading on a specific gage and are so stated.

f. Water-surface slopes. Water-surface slopes are expressed

in feet per mile based on actual scaled distance between
measuring points rather than established river miles.

Model Tests

13. Each test consisted of the operation of the model to deter-

mine the effecti, eness of a proposed plan or modification of plan and

might consist of one or more "runs." Each run consisted of one repro-

duction of the average annual hydrograph selected for the study of the

reach. Surveys of the model bed are usually made at the end of each

run.

* A table of factors for converting U. S. customary units of measure-

ment to metric (SI) units is presented on page 4.

12



PART IV: CHOCTAW BAR REACH

Description of the Prototype

14. The Choctaw Bar reach of the Mississippi River at the time

of the model study was essentially a large bend of more than 90 deg

with the main channel along the left side of a large island known as

Choctaw Bar (Plate 1). The main channel in that reach extended from

along the Cypress Bend revetment on the right bank at about mile 567,

crossed toward the left bank just downstream, and followed that bank

around the bend. The left bank from below the crossing to the bend

was relatively straight for about 3 miles except for a landward bulge

opposite the head of Choctaw Bar. Along the right bank below the cross-

ing toward the left bank, there was a narrow channel with depths

slightly below ALWP and a high sandbar to the left between that channel

and the main channel. Between the sandbar and Choctaw Bar, there was a

secondary channel as much as 2000 ft wide with depths of as much as

8 to 10 ft through most of its length. Flow through this channel moved

toward and along the Pair-O-Dice revetment on the right bank and then

crossed toward the left bank below the end of Choctaw Bar rejoining

flow through the main channel.

The Model Study

Description of model

15. The model for the study of the Choctaw Bar reach reproduced

the Mississippi River channel between miles 568 and 558 to a horizontal

scale of 1:650 and vertical scale of 1:60, model to prototype. The

channel bed and banks were molded to the configurations indicated by the

survey of February-March 1967 (Plate 1), and no attempt was made to

reproduce any overbank areas or to simulate the effects of vegetation

or the erodibility of gravel bars or sandbars within the banks. Since

this was to be a quick study, very little adjustment was made to the

model and the usual verification had to be omitted. The model was

13
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operated for the base test and test of the improvement plan by reproduc-

ing the hydrograph shown in Plate 2 which was based on average flow con-

ditions in the lower Mississippi River.

Base test

16. Results of the base test indicated some changes from the con-

ditions indicated by the February-March 1967 survey. The crossing

toward the left bank had shoaled and there was some erosion of the sand-

bar along the right bank just downstream of the crossing. Less depth

was maintained in the channel along the left bank downstream of the

crossing, and the head of Choctaw Bar tended to erode. When it was

determined that the head of the bar in the river consisted of gravel,

it was armored in the model. There was also some shoaling of the side

channel along the right side of Choctaw Bar caused by erosion of the

head and left side of the sandbar upstream. In general, results of this

test indicated that the model was not in complete adjustment but was

adequate to indicate general trends within the reach.

Improvement plan

17. The plan for the improvement of the reach as initially pro-

posed and tested in the model was designed to produce a closure of the

side channel by diverting sediment into the channel. This plan con-

sisted of three spur dikes extending from the right bank downstream of

the crossing toward the left bank and three vane dikes extending from

the river end of the lower spur dike across the side channel. The spur

dikes had sloping crests with a stepped-down effect. The bank ends of

the dikes were at el 21, 19, and 17 and the river ends at el 16, 14,

*and 12, respectively, from upstream to downstream. The vane dikes were

*each 1200 ft long at el 10 for the upper dike which extended from the

river end of the lower spur dike (forming essentially an L-head) and at

el 8 for the other two dikes.

Model results

18. Results of the model study indicated that the plan as tested

would produce a closure of the side channel by deposition of sediment

diverted into the channel (Plate 3). The model study also indicated

that the rate of sediment diversion and deposition would depend on the

N14



rate of the erosion of the head of Choctaw Bar. When the head of

Choctaw Bar receded beyond the alignment of the vane dikes, the rate of

deposition increased rapidly.

Prototype

Construction

19. The plan as constructed in the river was essentially as

tested in the model.

River developments

20. Deposition within the side channel in the river started soon

after the completion of the structures. However, the rate of deposi-

tion initially was slower than that indicated by the model reslts but

increased rapidly when the head of Choctaw Bar receded beyond the align-

ment of the vane dikes. There had been a local failure in the lower

spur dike near the bank end before the 1973 highwater. After the 1973

highwater, deposition had formed a partial closure of the side channel

to elevations above 20 ft extending from Choctaw Bar to the river por-

tion of the spur dike farthest downstream (Plate 4). There had been

considerable deposition in the channel along the right bank except just

downstream of the lower spur dike which could have been affected by

failure in the dike on that side. However. during the same period, the

navigation channel at the downstream end of Choctaw Bar (downstream of

the model limits) filled above 10 ft, and extensive dredging was re-

quired. During the high water of 1974, maintenance dredging continued

to be a problem around the bendway channel; and some enlargement of the

old secondary channel was observed. To ensure a continued deterioration

tof the chute during all flow conditions and force more flow around the

bendway, to improve navigation conditions at the downstream end, it

was concluded that a positive closure of the chute should be constructed.

21. During 1974, the spur dike farthest downstream (dike 3) was

raised to el 22 at its bank end and to el 20 at its river end except

that a 350-ft gap at ALWP was left near the center of the dike. A

scour hole with a depth of more than 60 ft existed just downstream of

15



the gap left in the dike. The vane dikes had been raised to el 20 with

the gap between vane dikes 3B and 3C closed to the same elevation and

an extension placed from the lower end of vane dike 3C to the head of

Choctaw Bar sloping upward to el 38 on the bar. The gap between vane

dike 3A (L-head) and 3B was to an elevation varying between ALWP and

-20. These modifications were not tested in the model. During October

1974, a 300-ft gap with a bottom elevation estimated at 30 ft below the

ALWP was found in spur dike 3 about 1500 ft from its bank end, and a

600-ft gap with bottom elevation at about 17 ft, some 1200 ft from its

river end. By April 1975, scour had occurred along the downstream side

of vane dike 3A and the closure between that dike and vane dike 3B,

reaching a maximum depth of 36 ft (Plate 5). There was also scour and

deepening of the channel downstream of the dikes along the Pair-O-Dice

revetment on the right bank.

Discussion and Conclusions

22. In spite of the limitations of the model study, developments

in the river generally provided confirmation of the results obtained

from the study. Comparison of model and prototype indicated the value

of these types of studies in the development of plans for the solution

of problems in complex reaches of the river, and in the development of

new principles for the design of better and more effective structures.

The raising of dike 3 and the continuous structure across the side

channel construcced in the river in 1974 were not tested in the model.

The continuous structure did, however, significantly reduce the amount

of dredging required at the lower end of the reach prior to its con-

struction. Results of the model study and developments in the river

indicated the effectiveness of structures for the closure of side chan-

nels by diverting sediment into the channel.

16



PART V: BALESHED-AJAX BAR REACH

Description of the Prototype

23. The Baleshed-Ajax Bar reach of the Mississippi River extends

from the Mayersville revetment (mile 495.5) to Ajax Bar (mile 482.0).

At the time of the April 1967 survey, the channel from along the

Mayersville revetment crossed toward the right bank a short distance

downstream and followed that bank and the Baleshed-Stack Island revet-

ment in a relatively straight line to about mile 485.5, then crossed

toward the left side just below the end of the Ben Lomond revetment

(Plate 6). At that time there were five dikes along the left bank

extending downstream starting at the end of the Mayersville revetment

(referred to as the Baleshed Landing dikes). Just downstream of the

dikes, a channel existed on both sides of a high center bar or island

with the main channel being along the right side. Downstream at about

mile 488 there was a side channel across the center bar extending

toward the upper end of the Ben Lomond revetment. From the lower end

of the revetment and along the right side of Ajax Bar, the channel was

rather narrow and formed a crossing toward the Hagaman revetment at a
rather sharp angle. The chute between Ajax Bar and the left bank had
been partially closed with four dikes extending from the left bank to

the bar.

24. Vane dikes 2A, 2B, and 2C were under construction during the

latter part of 1967 and were completed in June 1968. The purpose of

these dikes, constructed across the side channel mentioned above, was

tto reduce flow toward the left bank and, with erosion and dredging of
the right bank downstream, to maintain an adequate channel along the

realigned bank. Dredging of the right bank had been in progress at the

time construction of the dikes was undertaken in an effort to eliminate

the crossing toward the left bank before entering Hagaman Bend.

25. By the time of the October 1968 survey, Ben Lomond dike IL

was completed, dike 2L was nearly completed, and the Ajax Bar dikes

were under construction. The channel along the right bank opposite and
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downstream of the vane dikes had deepened and widened to some extent,

but the minimum width of the channel below ALWP was still less than

about 1000 ft (Plate 7). There was a sharp angle in the right bank

toward the left at the time of the survey.

The Model Study

Description of model

26. The model used for this study reproduced the reach of the

Mississippi River between miles 478.6 and 496.4 to a horizontal scale of

1:600 and vertical scale of 1:60. The model adjustment was limited to

that required to reproduce only the general characteristics of the proto-

type as indicated by the 1967 and 1968 surveys. The model as adjusted

indicated a greater tendency for the sandbars to erode and the channels

to aggrade than the prototype, but was considered adequate for the pur-

pose of the study. The sandbars and a portion of the right bank were

molded in clean sand for the test of the improvement plans. The right

bank was stabilized when it reached the proposed revetment line. Test

of the first improvement plan was undertaken with the model channel bed

as obtained at the end of the final adjustment. Each succeeding test

was started with the bed of the model the same as that obtained at the

end of the preceding test except for the final plan which was started

with the condition obtained at the end of the second test.

Improvement plans tested

27. The first plan tested (plan A) included the existing Ben

Lomond dikes and the Ajax Bar dikes completed in October-November 1968.

Plans B, C, and D included 6, 9, and 12 vane dikes downstream of the end

of the loweL Ben Lomond spur dike. The vane dikes were each 1000 ft

long with tops at el 15. The dikes of plan B were spaced 750 ft apart,

and those of plans C and D were spaced 1000 ft apart. Plans E and F

included the addition of two and three spur dikes below the existing Ben

Lomond dikes, respectively. Plan G was the same as plan F with the

extension of the Ajax Bar dikes (Plate 8). Plan H was the same as

plan B (six vane dikes) with the extension of the Ajax Bar dikes.
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Results of model tests

28. Results of the model tests indicated that a reasonably

satisfactory channel could be developed along the proposed alignment

with vane or spur dikes. To obtain a satisfactory channel, particularly

in the lower reach, the structures would have to be extended far enough

downstream to prevent excessive dispersion of the low and medium flows

approaching the bend. The vane dikes of plan D produced a reasonably

good channel as well as the spur dikes of plan G (Plate 8) with the

flow conditions reproduced in the model. Results with the spur dikes

were better than with the vane dikes. There was a tendency for the

low-water channel in the long straight reach to meander within the

control limit lines. Some scouring occurred on the ends of some of the

vane dikes during the low flows because of the flow moving toward the

dikes. In the upper reach, there was a tendency for some scouring of

the sandbar along the ends of the Baleshed Landing dikes which had

some effect on the crossing from the Mayersville revetment toward the

right bank.

Prototype

Construction

29. During 1970 vane dike 2C was extended 200 ft downstream and

vane dikes 2D and 3A were constructed. Ben Lomond dike 3L was com-

pleted in 1971 and vane dikes 3B and 3C were completed in 1974

(Plate 9). The above is all of the construction performed in the reach

up to May 1975 except for dredging along the right bank opposite the

dikes and downstream extension of the Baleshed-Stack Island revetment.

River developments

30. During the period 1969-1975, there had been some increase in

the attack on the Mayersville revetment with some erosion of the sand-

bar along the river ends of the Baleshed dikes and scouring to a depth
of 70 ft near the bank end of dike 5. The crossing from the Mayersville

revetment was rather unstable, changing in depth and alignment with river

stages. The channel along the right bank downstream of the crossing had
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extended farther downstream with dredging and erosion of the bank but

tended to meander within the control limits.

31. During the development period some deep scour holes developed

off the ends and downstream of some of the vane dikes during low flows

and filled in during flows that overtopped the Ben Lomond spur dikes.

Also because of the alignment of the right bank which angled toward the

left there had been a strong attack on Ajax Bar dikes A2 and A3, devel-

oping scour holes of more than 100 ft deep but later disappeared with

the extension of the Ben Lomond dike system. During low flows the drop

in water-surface elevation from the right to left bank across the vane

dikes was as much as 1.4 ft and decreased to about 0.3 to 0.4 ft

during flows that substantially overtopped the spur dikes.

32. By the end of the study period (May 19751, the crossing

toward the right bank from the Mayersville revetment was long and

shallow and the channel along the right bank opposite the Ben Lomond

dikes and approaching Hagaman Bend was wide but less than project depth

(Plate 9).

Discussion and Conclusions

33. The model adjustment was limited and indicated some differ-

ences in developments from those indicated by the prototype surveys.

Some of these differences could be attributed to the differences in the

erodibility of the right bank downstream of the Baleshed-Stack Island

revetment and sandbars, some of which contained gravel and/or vegeta-

tion. In the test of plans, the model bed was generally the same as

that obtained at the end of the preceding test and would not be the

same as the prototype at time of construction of each phase of the

proposed plan. However, the model did indicate the principal changes

and developments that could be expected with the hydrograph reproduced

and the relative effectiveness of the plans tested.

34. The model and developments in the river indicated that the

channel over the crossing from the Mayersville revetment toward the

right bank would tend to be unstable and vary with changes in flow
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conditions with a tendency for the sandbar along the river ends of the

Baleshed dikes to erode. Also, the model and prototype indicated the

tendency for the low-water channel in the long straight reach along the

right bank to meander within the control limit lines.

35. The model indicated that because of the dispersion of the

high flows some difficulties could be encountered in maintaining a

satisfactory channel along the right bank approaching Hagaman Bend

during some flows without the extension of the Ben Lomond dike system

farther downstream or extension of the Ajax Bar dikes. By May 1975,

an adequate channel along the right bank had not been developed in the

lower reach without this extension.

(i

I!

Ie



PART VI: CARUTHERSVILLE-LINWOOD BEND REACH

Description of the Prototype

36. The reach of the Mississippi River referred to as the

Caruthersville-Linwood Bend reach extends from about mile 850.5 to

about mile 838.0. The reach includes two alternate bends with about a

7-mile straight reach in between forming an "S" shaped alignment. In

1967, the low-water channel crossed from the right bank below Little

Prairie Bend toward the left bank (Blaker Towhead) and followed that

bank for a short distance before crossing toward the right bank on the

convex side of Linwood Bend (Plate 10). The channel over this crossing

and the crossing toward the left bank (across the convex side of the

bend) was of less than adequate depth and was maintained by dredging.

The concave bank in Linwood Bend had been revetted between miles 837.7

and 841.2 during 1932-1953. However, at the time of the 1967 survey,

the channel along the revetment upstream of mile 839.8 was narrow and

shallow, masked by sandbars and islands with top elevations up to more

than 30 ft, and partially covered with vegetation.

37. Three spur dikes had been constructed along the right bank

to improve and stabilize the crossing from the right bank toward Blaker

Towhead. There was some caving of the riverside of the towhead which

formed the left bank of the low-water channel. Improvement plans pro-

posed for the reach included the construction of five more dikes along

the right bank downstream of the existing dikes and extending into the

bend, two dikes along the left bank downstream of Blaker Towhead, and

grading and revetting of the riverside of the towhead.

The Model Study

Description of mode!

38. The model reproduced the reach between miles 850.5 and 838.3

to a horizontal scale of 1:540 and vertical scale of 1:60 (Plate 10).

The usual procedure of adjusting and verifying the model was omitted.
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Except for some minor adjustments based principally on observations and

judgment during the beginning of the base test, no special efforts were

made to obtain a reasonably good reproduction of the characteristics of

the prototype reach.

Base test

39. The base test and tests of the improvement plan were con-

ducted by reproducing a hydrograph that was considered typical of the

average and generally similar to that shown in Plate 2. Results of this

test indicated differences in some of the general trends compared with

conditions indicated by the prototype survey of 1967. Some of the dif-

ferences could have been caused by the differences in flow conditions

reproduced and those that preceded the prototype survey; introduction

of more bed material in the model than was required, causing the model

channel to aggrade; and the degree of erodibility of Blaker Towhead and

some of the sandbars that were not properly simulated in the model.

Tests of improvement plan

40. Tests of the proposed improvement plan were conducted in

three steps based on the proposed construction schedule. The first

test included right bank dikes 4 and 5 and revetting of the riverside

of Blaker Towhead, the second test included dike 6, and the third test

included dikes 7 and 8 and Tennemo dikes 1 and 2 on the left bank down-

stream of Blaker Towhead (Plate 11). No modifications of the originally

proposed plan were tested.

41. Results of the first test indicated that dikes 4 and 5 would

produce only local changes, particularly in the crossing from Blaker

Towhead toward the right bank downstream. The addition of dike 6

reduced shoaling in the crossing from the left bank toward the end of

the dike and improved depths and alignment of the channel from the end

of the dike toward the left bank. With the completed plan, a channel

of adequate depth and good alignment was developed along the left bank

from the lower end of Blaker Towhead and around the bend along the

Linwood Bend revetment (Plate 11). There was some increase in the

tendency for the channel along Blaker Towhead to shoal which could be

attributed partly to the natural tendency for the model channel to
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aggrade and partly to the backwater effects of the additional dikes

before the channel around the bend could be fully developed.

Prototype

Construction

42. After the model study was discontinued in February 1968, the

following construction was performed in the river:

a. Dikes 4 and 5 were constructed along the right bank by
November 1968. Dike 5 was considerably shorter than was
originally proposed and tested in the model.

b. Dikes 8 and 9 were completed in November-December 1969.
Dike 8 was not as long as that originally proposed and
tested in the model; dike 9 was not part of the original
plan and was not included in the model study.

c. The riverside of Blaker Towhead was graded and revetted
in 1969.

d. Tennemo dikes 1 and 2 below Blaker Towhead were com-
pleted by July 1971.

e. Some work on dike 5 and construction of dike 6 were
accomplished in 1975. Dike 6 was shorter than that
originally proposed and tested in the model.

f. A 15-ft-deep channel was dredged along the left bank
from the ends of Tennemo dikes toward the Linwood Bend
revetment during September-October 1974 and redredged
in 1975.

River developments

43. Crossing toward Blaker Towhead. The channel over the cross-

ing toward Blaker Towhead generally had a good alignment and adequate

depths up to the time of the 1973 high-water period when the channel

shoaled to less than project depth. However, by the time of the

May 1976 survey the crossing had moved upstream toward the upper end of

Blaker Towhead with depths of more than 15 ft (Plate 12).

44. Channel along Blaker Towhead. The channel along Blaker Tow-

head had shoaled to depths of 7 to 8 ft during the 1973 high water but

later increased in depth and extended farther downstream. There was

some flanking of the revetment along the lower end of the towhead with

the deepest part of the channel extending close and somewhat landward

of the river end of Tennemo dike 1.
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45. Crossing toward right (convex) bank. Constrtction of

dikes 4 and 5 in 1968 and dikes 8 and 9 in 1969 had some eftects on the

alignment of the channel over the crossing from Blaker Towhead, but the

channel continued to be troublesome and required considerable mainte-

nance dredging. During the period 20 July-31 October 1974, more than

2 million cu yd was dredged over the crossing. Some of the dredge cuts

shoaled to less than project depth within a few days after dredging was

completed. Although a 15-ft-deep channel was dredged along the left

bank toward Linwood Bend in 1974 and dike 6 along the right bank was

completed in 1975, there was still a strong tendency for the low-water

channel to cross from the end of Tennemo dike 1 on the left bank toward

the end of dike 8 on the right bank. The channel over xhe crossing had

shoaled to controlling depths of 5 ft by the end of 1975 but had ade-

quate depth by the time of the May 1976 survey (Plate 12).

46. Channel along the left bank. During the 1973 high water, the

channel along Blaker Towhead had extended farther downstream toward the

bend before crossing toward the right bank, and there had.been consider-

able erosion of the sandbars along the revetted bank in Linwood Bend.

A 15-ft-deep channel was dredged along the left bank from the end of

Tennemo dike I toward the revetted bank during September-October 1974

and was redredged in 1975. However, even with dike 6 on the right bank

in place, the tendency for the channel to cross toward the right bank

from the ends of the Tennemo dikes continued with some shoaling in the

dredged channel toward the revetted bank. By May 1976, the dredged

channel had shoaled considerably just upstream of the revetted bank,

but depths along the concave bank had increased to more than 20 ft

(Plate 12).

Discussion and Conclusions

47. The model indicated that all of the structures as originally

proposed would be required to develop a satisfactory channel along the

revetted bank in Linwood Bend with the flow conditions reproduced.

There was considerable development of the channel along the Linwood
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Bend revetted bank in the river and of erosion of the sandbars river-

ward. However, in the river, dike 7 had not been constructed and

dikes 5 and 8 were shorter than those tested in the model. Also, the

lower end of the revetment along Blaker Towhead was not permitted to

flank in the model and no maintenance dredging was performed in the

crossing toward the right bank. Developments indicated that a satis-

factory channel could be developed along the left bank and the Linwood

Bend revetment but would probably require some additional structures

based on the plan as originally proposed and tested in the model.

48. Because of the differences in flow conditions and differences

in the plan as tested and actual construction in the river, a direct

comparison between model and prototype cannot be made. In spite of the

limitation of the model adjustment and differences in conditions between

model and prototype, the results of the model study did indicate at

least qualitatively most of the principal effects that could be expected

with the plan as tested.

I
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PART VII: ISLAND 21-WRIGHTS POINT REACH

Description of the Prototype

49. The Island 21-Wrights Point reach is that portion of the

Mississippi River between about miles 824 and 814 (Plate 13). The reach

was the lower portion of an "S" curve with divided flow in each of the

two bends. In the upper bend, flow was divided on either side of

Island 21 which is about 5 miles long and located along the left bank

on the convex side of the bend. Flow through the chute channel, between

Island 21 and the left bank, was less than 10 percent during river

stages of 5 ft or lower, about 30 percent during medium stages, and

probably higher with higher river stages. A 3173-ft-long stone dike

with crest at el 23 was constructed across the lower reach of the chute

channel in November 1968. The closure dike was partially breached in

January 1969 and restored to a 20-ft elevation in January 1970.

50. Between the upper and lower bends, there is a relatively

straight reach more than 3 miles in length. Five spur dikes of timber

pile construction were placed along the right bank downstream of the

upper bend in 1961-1962 and later modified with stone fills in 1966 and

again in 1968. The Obion River, a small stream, enters this reach from

along the left bank about 5 miles downstream of Island 21. The charac-

teristics of this stream and its effect on channel development could not

be determined from the data available.

51. The lower bend makes a turn to the right of about 180 degrees

with a large center bar referred to as Wrights Point Bar and a side

channel between the bar and right bank. Flow in the side channel, which

was wide and about half the length of the channel around the bend, had

*, been increasing with time varying from less than 40 percent of the total

flow to more than 50 percent during the period 1967-1969. The naviga-

tion channel approaching the bend from along the spur dikes and along

the left bank around the bend had been unstable and of less than project

wtdth and depth based on the low-water plane.

52. After construction of the vane dikes across the entrance to
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the side channel and modification of the spur dikes during the latter

part of 1968, there was little change in conditions through the problem

reach. The channel from along the spur dikes crossed toward the left

bank with controlling depths of less than 10 ft in June 1969 and only

about 5 ft by October 1969 (Plate 14). The sandbar along the left bank

between miles 820.0 and 821.5 had increased in elevation to above 5 ft

and extended closer to the left bank. Depths in the channel along the

left bank in the bend had shoaled to less than 10 ft just downstream of

the crossing. The head of Wrights Point Bar had receded about 2500 ft

and flow through the side channel (between the bar and right bank) was

about 54 to 55 percent of the total with river stages of about 10 to

15 ft. A channel had formed at the head of the bar and extended toward

the right bank at a rather sharp angle, causing considerable scouring

and caving of the bank.

The Model Study

Description of model

53. The model for the study of the reach reproduced the Missis-

sippi River channel between miles 824.5 and 814.5 to a horizontal scale

of 1:360 and vertical scale of 1:60, model to prototype. Adjustment of

the model was rather difficult because of the variations in slopes

through the reach, and incomplete information on the permeability of the

pile dikes and amount of stone fill in the dikes. Tests of modifica-

tions in the improvement plan were undertaken with the model not in good

adjustment but considered sufficient to provide some general indications

as to the effectiveness of the proposed modifications. The adjustment

test indicated that the model channel would tend to degrade compared

with the prototype with a gre~ter tendency for deposition in the side

channel to the right of Wrights Point Bar. The study did not include

a base test.

Tests of improvement plans

54. Plans tested were based on the existing prototype conditions

except for the installation of two additional vane dikes across the side
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channel in plans A and B, the installation of a dike extending from the

head of Wrights Point Bar upstream (plans C and D), and plan C with a

closure dike across the side channel (plan E).

Model results

55. Results with tests of plans A, B, and C indicated some in-

crease in deposition in the side channel with some decrease in the

amount of flow diverted through the channel. By the end of the test of

plan C, there was a tendency for the channel downstream of Island 21

and the crossing toward the right bank dikes to move farther downstream.

Plan D was the same as plan C except for the closure of the gap between

the upper two vane dikes. Results with this plan were generally not as

good as those with plan C.

56. Plan E with the closure dike across the side channel pro-

duced an adequate channel through the reach (Plate 15). There was a

tendency for the channel downstream of Island 21 to remain along the

left bank opposite the spur dikes, but this tendency was not fully

developed with only one reproduction of the hydrograph. There was con-

siderable scour downstream of the closure dike.

Prototype

Construction

57. Construction in the river included the construction of the

dike extending upstream from the head of Wrights Point Bar (similar to

model plan C) during 1970, dike 6 across the side channel in 1973, and

a second dike (dike 7) across the side channel downstream of and 3 ft

lower in elevation than dike 6.

River developments

58. With the dike extending upstream of the head of Wrights

Point Bar in place, there was some deposition in the side channel but

not as much as that indicated by the model results. The channel down-

stream of Island 21 tended to remain along the left bank and to elimi-

nate the crossing toward the spur dikes. Based on this tendency con-

siderable dredging was accomplished, mostly along the left bank,j 29
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involving the removal of more than 7 million cu yd of material during

August 1971 to October 1973. Some of the dredge cuts filled in com-

pletely within a short time and others shoaled substantially, indicat-

ing that a stable channel would not be developed with the structures in

place at that time. Shoaling problems were encountered in the crossing

from the left bank below Island 21 toward the spur dikes, from along

the spur dikes toward the left bank, and along the left bank in the

bend.

59. With dike 6 in tne river across the side channel, a contin-

uous 10-ft channel had developed along the left bank from below

Island 21 to below Wrights Point Bar along the concave side of the bend

(Plate 16). Considerable dredging to depths of 20 ft vas performed in

Octuber 1973 between miles 816.9 and 815.8. Scouring to depths of as

much as 70 ft occurred downstream of the closure dike, causing some

damage to the dike. By December 1974, dike 6 had been repaired and

Dike 7 was constructed across the side channel downstream of dike 6 and

3 ft lower. Depths of scour below dikes 6 and 7 were as much as 75 and

34 ft, respectively. A good channel was maintained along the left bank.

By June 1975, a wide 10-ft-deep channel existed along the left bank

with depths of 20 to more than 30 ft indicated through most of the

reach (Plate 17).

Discussion and Conclusions

60. In spite of the differences between the conditions in the

model and those in the prototype at the time of construction of dike 6

and differences in the model and prototype dike, there were general

similarities between actual developments in the river and model indica-

tions. The model indicated that there would be a greater tendency for

the channel to develop along the left bank below Island 21 and for the

channel to become deeper and wider with the closure dike. The model

also indicated considerable scour below the closure dike. The river

channel became deeper and wider with the closure dike and there was

considerable scouring downstream and partial failure of the closure
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dike. Since model test of the closure dike was started with the 1969

conditions and operated with only one reproduction of the hydrograph,

the model channel was not fully developed during the test with a dike

thac was at least 6 ft lower than in the prototype and no dredging.

61. The second closure dike (dike 7) in the prototype was not

included in the model test. Since the second dike was lower in eleva-

tion and downstream of the first dike, it would not contribute to the

development of the channel. Its principal purpose was to reduce the

head across the upper dike and irmprove its stability.

62. The degree of similarity between the results of the model

study and developments in the river was mostly qualitative, particularly

with tests of plans without the closure dike in the side channel. A

direct comparison of the results of the model study of this reach with

development in the river cannot be made because of the differences in

the model reproduction of prototype conditions, omission of a base test,

and effects of considerable dredging in the river. The model results

did indicate the general effects of the proposed improvement plans

tested when evaluated considering the limitations mentioned and also

indicated that some of the tendencies were not fully developed with one

reproduction of the hydrograph.

i.
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PART VIII: CRACRAFT-SARAH ISLAND REACH

Description of Prototype

63. The Cracraft-Sarah Island reach of the Mississippi River

(miles 501-512) has been unstable and troublesome. It was complicated

by divided flow resulting from sandbars and towheads or islands within

the channel. The main channel formed four or five crossings and sharp

bends that varied in alignment and depth depending on flow conditions.

In 1968, the channel in the bend along the right bank revetment at

mile 511 crossed toward the head of Carolina Towhead along the left

bank at mile 510 and then crossed back toward the right bank at about

mile 509 (Plate 18). From that point, the channel crossed back toward

the left bank at about mile 506.5 with an elongated sandbar forming an

island with elevations above 15 ft just downstream of the crossing.

From the left bank, the channel crossed to the right toward the head of

Sarah Island Towhead and split with the deeper channel making a sharp

turn toward the right. The secondary channel along the left side of

Sarah Island Towhead had depths of more than 10 ft, except near the

lower end of the towhead in the crossing back toward the right bank

where depths were about 5 ft or less. Except for the poor alignment,

adequate depths were available in the channel crossing toward the right

bank at the time of the June 1968 survey.

64. By June 1969, the crossing from Carolina Towhead toward the

right bank at mile 509 had shoaled to <10 ft and the crossing toward the

right bank near the head of Sarah Island Towhead had shoaled to above

the ALWP. However, the channel to the left of Sarah Island Towhead had

increased in width and depth and was more than adequate for navigation.

65. By July 1970, the channel along the left bank remained along

that bank to about mile 501, eliminating several crossings toward and

away from the right bank. At mile 508, there was considerable flow

moving toward the right bank with river stages at about 14 ft, and the

channel along the left bank had shoaled to less than 10 ft with a

tendency to shoal near the head of Sarah Island Towhead.
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The Model Study

Description of model

66. The model used in this study reproduced the reach between

miles 500.5 and 514.5 to a horizontal scale of 1:480 and a vertical

scale of 1:60. The purpose of the study was to obtain some general

indications of the effectiveness of a system of spur dikes proposed for

the improvement of the reach and the relative effectiveness of an

alternate system using spur and vane dikes. Adjustment of the model

was sufficient to provide only general indications of conditions that

could be expected in the river. Results of the adjustment indicated

that the sandbars and towheads were eroding more rapidly and the model

channel was aggrading and generally deteriorating more than that indi-

cated by the prototype surveys.

Improvement plans tested

67. Plans tested in the model included two and three spur dikes

along the right bank between miles 510.3 and 509.0, designated as

plans A and B, respectively. The upper two dikes (plan A) sloped from

el 23 to 18 and from el 21 to 16 (bank to riverl providing a stepped-

down effect, and the river portions were angled toward the upstream.

The third dike (plan B) was straight with its river end located about

5000 ft downstream of the end of the second dike and sloped from el 19

to 14 (Plate 19).

68. Plans C, D, and E involved the use of a spur dike with two,

four, and six vane dikes, respectively, extending downstream of the

river end of the spur dike (Plate 20).

Results

69. Results indicated that a reasonably good channel could be

developed, particularly in the upper reach with the three spur dikes of

plan B. The dikes were subjected to a strong current attack, and some

modification in the layout and design of the dikes was indicated as

*desirable (Plate 19). Developments in the reach would depend to a con-

*siderable extent on flow conditions and the erodibility of the towheads

and sandbars. There were indications that the crossing toward the
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right bank below the dikes would tend to be unstable and affected by

flow conditions.

70. Developments with one spur dike and six vane dikes (plan E)

were generally similar to those obtained with plan B (Plate 20). The

rate of development would tend to be slower with the vane dikes than

with the spur dikes and would depend to some extent on the construction

schedule. The spur dike would be subjected to a strong current attack

which could be reduced by modification of the dike or addition of a

shorter dike upstream. Although the attack on the spur dike affected

the performance of the vane dikes, deposition landward and downstream

was as much or more than that obtained with the spur dikes of plan B.

Prototype

Construction

71. During June-December 1970, Cracraft lower dikes lR and 2R

were completed based on the dikes of plan A of the model study. The

dikes were 2 ft lower and somewhat shorter than those tested in the

model and their alignments were modified. The third dike (3R) was

under construction in 1971 based on plan B of the model study but was

2 ft lower and was angled upstream instead of being straight. This

difference placed the river end of the third dike about 1500 ft closer

to the end of the second dike and about 2100 ft farther upstream than

that tested in the model. The modifications were designed to eliminate

some of the adverse effects noted in the model tests.

River developments

72. Developments in the river indicated the need for the third

spur dike. The effects of the dikes were noted, particularly with the

erosion of Carolina Towhead, changes in the crossing from the left bank

to the right bank, and erosion of Sarah Island Towhead. Scour holes on

the ends of the Cracraft lower dikes were indicated by the April 1972

survey after a long period of medium flows but were not shown by later

surveys. Deep scour holes developed near the bank ends of dikes 2R and

3R during and after the 1973 high water. Considerable deposition
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occurred near the river portions of the lower two dikes and extended

downstream of the dikes.

73. The deepest channel over the crossing from the r 7ht bank

toward the left bank was upstream of the location of the ends of the

proposed Cracraft lower dikes before construction and remained a con-

siderable distance from the ends of the dikes after construction. With

the dikes in place, the dispersion of flow toward the right bank was

reduced and there was a rapid erosion of Carolina Towhead along the

left bank downstream of the crossing. With erosion of the towhead, the

channel below the crossing remained along the left bank down to about

mile 506.5 and then crossed toward the head of Sarah Island Towhead.

74. Sarah Island Towhead was reduced considerably in size and

elevation during the 1973 high water and almost completely disappeared

during the 1974 high water. As the head and left side of the towhead

eroded, the channel formed a bend to the left with a convex sandbar

along the left bank. The general tendency was for the larger channel

to follow along the left side of the remains of the towhead. As the

head of the towhead receded, the channel along the right bank in the

bend that had shoaled after construction of the Cracraft lower dikes

began to increase in size and depth. This resulted in a divided

channel but the deeper channel remained mostly to the left.

75. By the- time of the last survey available for this study

(May 1975), the crossing toward the left bank upstream of the Cracraft

lower dikes had deteriorated appreciably and decreased in width oppo-

site the upper Carolina dikes (Plate 21). The channel along the left

bank at mile 506.6 crossed toward the right bank at mile 505. From

that point, the channel formed acrc~s the sandbar to the left, bypass-

ing the sharp bend in the right bank line. Sara" Island Towhead had

practically disappeared except for a narrow strip with top elevations

of 1 to 2 ft. There had been some scouring near the bank end of

Cracraft lower dike 2R and a scour hole of some 50 ft in depth was

indicated near the bank just downstream of dike 3R. Deposition to

elevations of 20 to 30 ft extended from about 1600 ft upstream of the

river portion of dike 2R across dike 3R to nearly 2 miles downstream.
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Deposition over the top of dike 3R was as much as 10 ft higher than the

dike.

Discussion and Conclusions

76. A comparison of the developments in the river with the model

results indicates reasonably good agreement qualitatively, in spite of

the differences in the dike systems and conditions imposed. The gen-

eral points of agreement are summarized as follows:

a. The attack on the dikes in the model indicated a need
for modification of the system which was accomplished
in the river with better results.

b. The model indicated, as occurred in the river, that
Carolina Towhead along the left bank and Sarah Island
Towhead would be eroded with the dike system in place.
The rate of erosion of the towheads was faster in the
model, as would be expected.

c. The model indicated that the crossing from along the
left bank (Carolina revetment) toward the right bank
would be moved downstream and that a sandbar would form
along the left (convex) bank downstream of the crossing
generally similar to what occurred in the river.

d. The model indicated that the channel below the crossing
from the left bank toward the right bank downstream of
the dikes would be farther downstream and the channel
would tend to follow that bank into the bend. In the
river, the channel crossed toward the right bank but
did not remain close to the bank by the time of the
May 1975 survey. This development in the river was
probably affected to some extent by the degree of
erodibility of Sarah Island Towhead and the three
successive long high-water periods.

e. Model results and river developments indicated that the
channel in the crossing toward the lower bend would be
affected by flow conditions and could be unstable.

77. The model was not used to develop modifications that might

have improved the performance of the dike system Included in plan B.

Some modifications were made in the dikes as constructed in the river

and results indicate better performance than could have been expected

with the dike system tested in the model. It should be noted that the

dike system in the river, which included the stepped-down effect,
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produced considerable deposition in-between and downstream of the dikes

which in some areas were 8 to more than 10 ft higher than the dikes.

However, serious scouring occurred near the bank ends of the dikes.

78. Model study of plan E indicated that a system of vane dikes

could have 6een developed which would have provided the same general

results as those obtained with the spur dikes.

79. The alignment of the Cracraft lower dikes was such that the

riverward portions of these dikes were angled toward the upstream.

Developments in the river and to a lesser extent in the model indicated

that the deeper channel in the crossing would remain a considerable

distance from the ends of the dikes. This has been mentioned by some

engineers as a characteristic of dikes angled upstream, but no conclu-

sive evidence has ever been presented. In this case, the deep channel

over the crossing was at the same location before construction of the

dikes. More research is needed to obtain information on the perfor-

mance and characteristics of these and other types of dike design and

arrangement. The study should also be particularly concerned with the

scouring near the bank ends of the dikes as occurred with the dikes in

this reach of the river.
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PART IX: KEYES POINT-FORKED DEER REACH

Description of Prototype

80. The Keyes Point-Forked Deer reach is that portion of the

Mississippi River between miles 801.0 and 785.5. The reach at the time

the study was undertaken (April 1968) was relatively straight for a

distance of about 13 miles downstream of a sharp bend to the right with

a wide secondary channel along the right bank (convex side) with con-

trolling depths of more than 10 ft. At the lower end of this reach,

there was a longer and more gradual bend to the left. The width of the

channel, bank to bank, in the study reach varied from about 3000 ft in

the upper reach to more than 7000 ft. Structures in the reach in-

cluded the Forked Deer dikes on the left bank at mile 799.9, revetment

along the right bank from mile 800.5 to 797.3, the Ashport Golddust and

Kate Aubrey dikes on the right bank at miles 795.0 and 791.0, respec-

tively, and revetment along the left bank from mile 794.5 to 789.1

(Plate 22). The reach had been generally unstable with a tendency to

meander between the left bank and right bank dikes. The left bank was

generally straight except for the lower reach which hooked to the right

downstream of Keyes Point Towhead. The revetment on the left bank had

failed at the lower end of the hook and was later repaired; about

2000 ft of the lower end of the repaired revetment also failed, and a

deep channel developed landward of the revetment.

81. At the time of the November 1967 survey, the channel along

the right bank revetment opposite the Forked Deer dikes crossed toward

the left bank at about mile 797.0. The channel along the left bank

then crossed toward the ends of the Ashport Golddust dikes and back

toward the left bank at mile 793.3. From that point :he channel fol-

lowed the left bank to the crossing at mile 789.0, but had less than

project depth at mile 790.2 opposite the end of Kate Aubrey dike 3. A

deeper channel extended from the end of that dike toiard the left bank.

There was a tendency for a divided channel to form in the bend at

mile 787 below the crossing.
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82. By the time of the May-June 1968 survey, the crossing toward

the left bank at mile 797.0 had shoaled to less than project depth.

There was a tendency for the channel crossing from the left bank toward

the ends of the Ashport Golddust dikes to shoal and for some increase

in shoaling along the left bank at the upper end of the left bank re-

vetment, mile 794.5. A shoal had formed opposite the end of Kate Aubrey

dike 3 filling most of the deep channel indicated by the November 1967

survey. Shoaling was also indicated in the crossing toward the right

bank at mile 788.5.

The Model Study

Description of model

83. The model reproduced the reach of the Mississippi River

between miles 785 and 801 to a horizontal scale of 1:600 and a vertical

scale of 1:60. The usual adjustment and verification of the model were

not included in this study. However, some adjustments were made during

the base test which was started with the bed molded to the survey of

November 1967 and operated by reproducing a typical hydrograph similar

to that shown in Plate 2. The base test was repeated with adjustments
until developments in the model appeared to be reasonably typical of

what could be expected in the prototype with the flow hydrograph

reproduced.

84. Results of the final base test indicated a tendency for the

model channel to aggrade compared with the prototype channel. The

model channel along the right bank opposite the Forked Deer dikes, over

the crossing toward the left bank, along the left banK and from the

left bank toward the Ashport Golddust dikes was generally shallower

than was indicated by the prototype survey. There were also changes in

the alignment of the channel between the left and right banks and a

tendency for the channel over the crossing toward the right bank at

mile 788.0 to shoal.

Description of plans tested

85. Plans tested in the model included the following:
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a. Test 1. Lower Forked Deer dikes I and 2 and dike 1U
were added, and Ashport Golddust dikes 2AR and 4AR were
extended about 2700 and 2850 ft, respectively.

b. Test 2. Lower Forked Deer dikes were 1000 ft upstream,
Ashport Golddust dike 5 was added, and Ashport Golddust
dike 4AR was shortened about 1800 ft.

c. Test 3. Ashport Golddust dike 6 was added at mile 792.5

and the river ends of dikes 4AR and 5 were modified.

d. Test 4. Keyes Point dikes 1, 2, and 3 were installed.

e. Test 5. Kate Aubrey dike 1 was extended and its river
end was raised to el 13, and dike 3 was raised and
extended.

f. Test 6. Forked Deer dike 3 on the left bank (mile 789.9)
and I-land 30 dikes 1, 2, and 3 on the right bank
(mile 788.3-787.3) were added. A 900-ft length of
Ashport Golddust dike 6 was removed on the bank end, and
Lowyer Forked Deer dike 1 was lowered to el 12.

j" Test 7. Kate Aubrey dike 4 was added on the right

bank (mile 789.3).

h. Test 8. Island 30 dikes were lowered 2 ft, and a 500-ft
extension at el 5 was added to dike 1.

86. The plans tested were furnished by the U. S. Army Engineer

District, Memphis, based on plans proposed for the reach and modified

during the course of the study. The first test was undertaken with the

bed of the model molded to the conditions indicated by the November

1967 survey and each succeeding test was started with the conditions as

those obtained at the end of the preceding test.

Test results

87. During the first few tests of plans, there was a strong

tendency for the model channel to be unstable, particularly over the

crossing toward the left bank at mile 797 and along the left bank down-

stream. The addition of the Lower Forked Deer dikes and Ashport Gold-

dust dike lU (test 1) caused some increase in depths over the crossing.

Later the crossing moved downstream and shoaled with the shifting of

the Lower Forked Deer dikes upstream (test 2). During the remainder of

the tests, the crossing changed in alignment but remained less than

project depth, indicating little change from the results obtained with

the base test.
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88. Before the addition of the Keyes Point dikes, the channel

along the left bank crossed toward the Ashport Golddust dikes on the

right bank and then back toward the left bank upstream of Keyes Point

Towhead. Also, the crossing from the left bank below the towhead toward

the right bank maintained adequate depths and a good alignment (tests 2

and 3). After the installation of the Keyes Point dikes, the deeper

channel along the ends of the Kate Aubrey dikes crossed toward the left

bank below the Keyes Point dikes and back toward the right bank farther

downstream (Plate 23). The model study was discontinued before a satis-

factory plan for the reach was developed.

Prototype

Construction

89. Construction accomplished in the river after the model

study was discontinued included the following:

a. Forked Deer dike 3 was completed in December 1968, and
dikes 4 and 5 were completed in January 1969.

b. Ashport Golddust dike lU was completed in January 1969.
Modifications of dikes 2AR and 4AR and construction of
dike 5 were completed during the period June-August 1969.

c. Two sand spur dikes constructed of dredged material along
the right bank at miles 788.4 and 788.2 were completed
during the period July-September 1971.

d. Keyes Point dikes 1, 2, and 3 were completed during the
period October-December 1971, and dike 4 was completed
during August 1974.

River developments

90. After construction of Forked Deer dikes 3, 4, and 5, there

was a tendency for some scouring along the ends of the dikes and some

shoaling along the right bank opposite the dikes. The channel along

the left bank below the crossing at mile 797 tended to meander toward

the right bank dikes and back toward the left bank generally similar to

the conditions existing before modification of the Forked Deer and

Ashport Golddust dikes (Plate 24). A channel of adequate depth had

developed downstream of mile 792 by the end of 1971 with the
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construction of the Keyes Point dikes, two sand dikes along the right

bank (mile 788.3), and considerable dredging. However, during the fol-

lowing high water, the channel downstream of the (.rossing had shoaled

in several locations with the deeper channel developing along the Kate

Aubrey dikes.

91. The May-June 1975 survey indicated that the channel over the

crossing toward the left bank between the Forked Deer and Ashport Gold-

dust dikes was in good condition, but the channel crossing from the

left bank toward the Kate Aubrey dikes had shoaled to controlling depths

of less than 5 ft (Plate 25). Less than project depths were also in-

dicated along the lower Keyes Point dikes even with the construction of

dike 4 and dredging during 1974. In general, the prototype data in-

dicated that an adequate channel would not be maintained with the dikes

constructed during the period 1969-1974, although some improvement was

produced in the channel over the crossing toward the left bank at

mile 797.

Discussion and Conclusion

92. The reach reproduced in the model started just downstream of

a large bend that had a large side channel. Since the model had to be

started with a fixed reach, the effects of flow from the bend upstream

which tends to vary with stage and discharge could not be reproduced

naturally in the model. Considering the limitations of the study, the

results provided some good general indications of the relative effec-

tiveness of the various elements of the plans tested and of the trends

that could be expected with the flow conditions reproduced.

93. The plans tested in the model were those considered for con-

struction in the river. Results of the model study indicated that an

adequate and stable channel would not be developed with the structures j

tested. The study did not include the investigation of any alternate

plans or modifications from the proposed plan. By the time of the

latest survey available (May 1975), a satisfactory channel had not been

developed in the river with the plan tested and with Keyes Point dike 4

42



and considerable dredging not included in the model study.

94. It appears from a study of model and prototype data that

problems encountered in this reach can be attributed mostly to the fact

that it is a long straight reach between two bends with divided flow

and wide top bank control up to 7500 ft. Although there have been

several crossings in the straight reach, the crossings were rather

short without typical or well-established bends and sandbars between

crossings. This type of channel is susceptible to change with changes

in stage and discharge and tend to be unstable.
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PART X: ISLAND NO. 63 REACH

Description of Prototype

95. The Island No. 63 reach is that portion of the Mississippi

River between miles 644 and 633. Island No. 63, located near the cen-

ter of the reach at about mile 638, was formed when the Mississippi

River cut through the point bar of Island No. 62 along the right bank.

Since that time the cutoff channel between the two islands has been the

main channel and the channel around the bend to the left of Island

No. 63 decreased in width and depth.

96. By 1971, the right side of Island No. 63 forming the left

bank of the main channel had been revetted from its upper to lower end

and two dikes had been constructed across the entrance to the chute

channel to further reduce flow in the channel to the left of the island

(Plate 26). Four spur dikes, three vane dikes, and a long longitudinal

dike were in place along the riverside of Island No. 62. With these

structures in place, a satisfactory channel was maintained, with some

dredging, past the island until the 1973 high water.

97. In 1973, the island was overtopped during the flood and

scouring occurred behind the revetment causing it to fail (Plate 27).

The failure of the revetment and its remains caused serious navigation

problems because of shoaling, obstructions to flow, and adverse cur-

rents. Plans were developed for improvement of the reach which in-

cluded realignment of the channel, training structures, and dredging.

The model study was undertaken to determine the effectiveness of the

proposed plan, part of which was under construction, and to develop

modifications that might be required to produce and maintain a satis-

factory channel through the reach.

The Model Study

Description of model

98. The model of the Island No. 63 reach reproduced the reach of
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the river between miles 632.0 and 645.0 to a horizontal scale of 1:400

and vertical scale of 1:60. Before tests of plans were undertaken, the

model was adjusted until it reproduced with reasonable accuracy the

conditions in the river between the surveys of November 1971 and

November 1972. Since a considerable change had occurred in the reach,

caused by the 1973 flood and modifications made to assist navigation,

the first test of improvement plans was started with the bed of the

model molded to conform with the latest surveys in the reach

(November 1973-May 1974). Each succeeding test was started with the

model bed the same as that obtained at the end of the preceding test.

The model was operated for each run by reproducing a composite annual

hydrograph developed by the Memphis District based on a general review

of flow conditions that had occurred in the reach during the 5-year

period, 1966 to 1970.

Base test

99. The base test included the realigned channel and the fol-

lowing structures that were completed or under construction at the time

(Plate 28):
a. Dredged channel along the realigned bank of Island

No. 63 landward of the old revetted bank.

b. Dike 6-1/2L to el 25 at the bank end and sloping to
el 15 at the channel end.

c. Dike 4-1/2R along the right bank with top el of 13.

d. Dike 5R to el 13 extending from the right bank across
the chute channel and then sloping up to el 21 and
maintained at that elevation to its river end.

e. Dike 6L, completed in the river and also included in
the test, was at el 15 from the left bank across the
chute channel, then sloped up and extended across the
island at el 34 before sloping down to el 15 at the
river end.

The portion of Island No. 63 behind the original revetment was molded

in sand and was revetted when it was eroded to el 10 to simulate the *

effects of the old revetment remaining in the river.

100. Results shown in Plate 28 indicate that a channel of ade-

quate width and depths of at leaLt 20 ft was developed and maintained
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through the entire reach after four reproductions of the hydrograph.

A scour hole developed off the end of the dike 4AL similar to that in-

dicated by the 1971 prototype survey and the verification test. Some

flow was diverted through the shallow channel which angled to the right

past the upper end of the remains of the old revetment (mile 638) and

then followed the riverside of the vane dikes and dike 4D.

Tests of plan modifications

101. Nine modifications of the initial plan (base test), desig-

nated plans A to I, were tested in the model. These modifications in-

volved mostly changes in the dike systems along the left bank at the

head of Island No. 63 and in the dikes along the right bank.

102. Results of tests of the modifications to the initial plan

indicated that a satisfactory channel could be developed and maintained

with any of the plans tested. Channel depths and alignment would tend

to be better with structures that extended from the right bank to the

remains of the old revetment such as in plans G, H, and I which were

designed to reduce flow moving to the right of the old revetment away

from the main channel (Plate 29).

Prototype

Construction

103. After the 1973 flood, the damage near the head of Island

No. 63 made navigation through the reach difficult and hazardous because

of inadequate depths, poor alignment, and adverse currents. To assist

navigation during the low-water period, considerable dredging was per-

formed in the reach between Island No. 63 and the right bank dikes.

Dredging was also undertaken to develop a new channel along Island

No. 63 landward of the remains of the existing revetted bank. The new

channel, completed by March 1974 with controlling depths of at least

10 ft, bypassed to the left the old revetted right bank of Island

No. 63 remaining after the 1973 flood between miles 637.3 and 638.4.

In addition to the dredging of a new channel, construction in the river

by October 1974 included: dikes 4-1/2R and 5R along the right bank;
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rock fill of dikes 5AL and 6AL along the left bank near the head of

Island No. 63; and revetment on the riverside of Island No. 63 along

the realigned channel. The channel just upstream of Island No. 63 had

shoaled considerably and by March 1974 there was only a narrow 10-ft

channel of irregular alignment and random areas of less than 10-ft

depth.

River developments

104. By October 1974 the realigned channel had increased in

width with controlling depths of more than 20 ft through the entire

reach. There was still considerable flow diverted to the right, past

the upper end of the remains of the old revetted bank (mile 638.4) as

indicated by a wide shallow channel extending toward and along the vane

dikes. During the period between the time of October 1974 survey and

the October 1976 survey, a wide channel with more than adequate depth

was indicated by all of the periodic surveys of the reach without any

further construction (Plate 30). Although some of the total flow was

diverted toward the vane dikes, and during high stages over dikes

4-1/2R and 5R along the right bank, the diversion was not sufficient to

adversely affect develo-iments in the main channel as realigned with the

flows experienced during that period.

Discussion and Conclusions

105. The model used for the study of the Island No. 63 reach did

not have as high a distortion of the linear scales as most of the other

models covered herein. Also, considerable time was used in adjusting

the model, and a reasonably good verification of conditions in the

prototype prior to the 1973 flood was obtained. Because of the model

adjustment and the use of a hydrograph that was more typical of the

reach under study than was used in the other studies, the model base

test not only indicated the general trends that could be expected with

improvements scheduled for completion in 1974, but also indicated very

closely the controlling depths in the main channel as they actually

developed and maintained in the river at least up to the time of the
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latest available survey (October 1976).

106. Developments in the realigned channel could be affected by

the location and amount of flow diverted to the right past the remains

of the old revetment. Model results and developments in the river in-

dicated that with flows reproduced in the model and those experienced

in the river during the period 1974-1976, the flow diverted would not

be sufficient to have any adverse effects on conditions within the main

channel. The amount of flow diverted will depend to some extent on

river stages, condition of the remains of the old revetment, and condi-

tion of the right bank dikes 4-1/2R and 5R. Since side channels tend

to take a greater sediment load in proportion to the discharge, the

existing channel to the right past the upper end of the old revetment

should continue to be shallow.

107. Since the model and prototype developments indicated that

modifications of the original plan were not needed, none of the modifi-

cations tested in the model were included in the construction program

in the river.
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PART XI: DISCUSSION AND CONCLUSIONS

Model Studies

108. The model studies covered herein were designed and con-

ducted to obtain some quick indications as to the effectiveness of the

plans proposed for the improvement of some of the more troublesome and

complicated reaches of the Mississippi River. The plans tested were

proposed by the sponsoring office and in some cases modified during the

course of the study in collaboration with representatives of the of-

fices concerned. In most cases, construction had already been sched-

uled or was in progress at the time the model studies were undertaken.

Because of the construction schedules for the various reaches, time did

not permit the use of the conventional type of movable-bed model

studies on any of the reaches.

109. All of the model studies were conducted in an existing

facility that was limited in size and shape. The model horizontal

scales varied from reach to reach as required to reproduce the essen-

tial features of the reach being studied and depended on the length,

width, and alignment of the reach. The distortion of the linear scales

(horizontal and vertical) varied from 6 to 10.83 which is considerably

higher than would normally be used in studies of this type. Even with

the high distortion, the hydraulic forces were not sufficient to move

the model bed material (sand) in simulation of movement of sediment in

the prototype without some exaggeration of the velocity scales.

110. Distortion of the linear scales produces a difference in

the width-depth ratio of the model channel from that of the prototype,

and exaggeration of the velocity scale produces some changes in the

alignment of currents and in the proportional amount of lateral differ-

ential in water level. Because of these and other dissimilarities, the

reliability of movable-bed models has to be based on verification of

the model. Except in the case of the Island No. 63, adjustment of the

models was limited by the time available and in some cases was omitted

almost entirely. An important factor that has to be considered in the
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adjustment is the rate of introducing bed material in simulation of the

rate of sediment moving into the prototype reach from upstream which

varies from reach to reach and with stage and discharge. If not prop-

erly adjusted, the model channel would aggrade or degrade with respect

to the prototype channel and could affect the location, alignment, and

depth of the low-water channel and the amount and type of deposition,

particularly in reaches that tend to be unstable. The effects could be

cumulative if several runs are made without remolding the model bed to

an existing prototype condition as was the case in most of these

studies. The model results could also be affected when reproducing

prototype reaches that have gravel bars, remnants of old structures

and islands, towheads, and old sandbars that have varying degrees of

erodibility, the extent of which is generally not known, and are diffi-

cult to simulate in the model.

111. In the evaluation of the results of movable-bed model

studies, the limitation of the model in reproducing prototype condi-

tions as indicated by the verification of the model and the effects of

the flow hydrograph on developments as indicated by the base test have

to be considered. Use of the results of tests of improvement plans as

obtained from the model without considering all of the factors involved

and conditions imposed on the model could lead to conclusions not

warranted by the results of the study. In comparing model indications

with developments in the river, the differences in flow conditions,

differences between plan tested and that constructed in the river, and

the effects of any dredging in the prototype not reproduced in the

model have to be considered. Also, all model surveys were made after

a substantial high-water period and should compare more closely with

prototype surveys made after a high-water period than those made after

a low-water period.

112. The comparison of model results with prototype developments

indicate that these types of models predicted, at least qualitatively,

most of the principal trends that actually occurred in the river with

the plans tested. The degree of accuracy of the models varied and

depended to a considerable extent on the accuracy of the model
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adjustment, characteristics of the reach, flow conditions, and similar-

ity between plans tebted and actual construction. The greatest differ-

ences between model and prototype trends were obtained in the study of

the Island 21-Wrights Point reach. In this case, the model indicated

some deposition and reduction in flow in the side channel that did not

occur in the prototype with the plan tested. This model was not in good

adjustment as indicated by the tendency for the model channel to degrade

with some shoaling in the side channel not indicated by the prototype

surveys available at that time. The reach was affected by the pile

dikes, permeability, and condition and amount of stone fill which were

not adequately defined. The model did indicate the need and effective-

ness of the closure dike across the side channel and the tendency for

scouring below the dike.

113. The most accurate prediction of conditions that actually

occurred in the river was obtained with the model of the Island No. 63

reach. This model was in good adjustment before tests of plans were

undertaken and the flow hydrograph used was more indicative of the flow

that actually occurred in the river than the hydrograph used in the

other studies. As a result, the model reproduced almost quantitatively

conditions that developed in the river up to October 1976. In the

Keyes Point-Forked Deer reach, the model indicated that none of the

plans tested would produce a satisfactory channel. In the prototype,

a satisfactory channel had not developed in that reach by the end of

the study period, even with additional construction and considerable

dredging. In the Caruthersville-Linwood Bend reach the plan proposed

and tested had not been completed in the river and a direct comparison

between model and prototype could not be made. The model indicated

that all of the structures as proposed for that reach would be required

to develop a satisfactory channel around the concave side of the bend.

The portion of the plan completed in the river did not produce the

desired results even with considerable dredging, although some improve-

ments were indicated.

114. Because of the complex nature of alluvial streams, the ef-

fectiveness of plans proposed for improvement of troublesome reaches
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cannot always be determined by analytical means. Although the conven-

tional type of movable-bed model studies would generally provide better

results, the types of studies described herein can be valuable in pro-

viding some general indications of the results that can be expected from

a particular plan and the need for modifications at less cost than with

the conventional type of studies. Experience with these studies indi-

cates the need for model adjustment, evaluation of model results based

on the accuracy of the adjustment, and the use of a flow hydrograph

that would be more representative of flow conditions which can be ex-

pected in the reach under study than the hydrograph used in most of the

tests.

Prototype Analysis

115. Comparison of model indications with prototype developments

required the analysis and evaluation of considerable prototype data.

This analysis provided an opportunity to evaluate the performance of

various types of structures and plans and developments within the

reaches of the river investigated. Some of the observations and indica-

tions based on the analyses of available prototype data are outlined

below.

116. The initial plans for the improvement of the Choctaw Bar

reach and the Island 21-Wrights Point reach were generally similar and

were designed to effect a side channel closure by diverting sediment

into the channel with a system of spur and vane dikes. The plan was

successful in the Choctaw Bar reach but not in the Island 21-Wrights

Point reach. There were significant differences in the two reaches and

in the structures that have to be considered. The curvature of the

bend at Choctaw Bar was little more than 90 deg while that at Wrights

Point Bar was about 180 deg. The length of the side channel compared

with the length of the channel around the bend at Wrights Bar was much

less than that at Choctaw Bar and carried considerably more flow, ex-

ceeding 50 percent during some river stages. The spur dikes in the

Wrights Point reach were pile dikes with various amounts of stone fill
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providing a stepped-up effect on the dike farthest downstream instead

of stone dikes with some stepped-down effect as in the Choctaw Bar

reach. Also, the line of vane dikes at Wrights Point Bar was started

some distance landward of the river end of the last spur dike rather

than at the end.

117. Two closure dikes were placed across the side channel at

Wrights Point Bar. With the first dike, severe scouring developed

below the dike with partial failure of the dike which was typical of

the difficulties encountered in maintaining other side-channel closures.

The drop in water-surface elevation across the structure was indicated

to be more than 4 ft during some flows. A second closure dike was then

constructed some distance downstream with a top elevation 3 ft lower

than that of the first dike. Some scouring occurred below the second

dike but was considerably less than had occurred at the first dike.

The maximum drop in water-surface elevation across the two dikes

appeared to have been divided almost equally between the two dikes.

118. When flow is diverted through a side channel, the low-water

channel will tend to develop toward the point of diversion. This ten-

dency was demonstrated in most of the reaches studied, particularly

those with side channels across the convex side of bends. Where there

was substantial flow through the side channel in the bend, the low-

water channel generally crossed from the convex side (point of diver-

sion) toward the concave bank, approaching the bank at a rather sharp

angle. The channels over these crossings were mostly unstable and

generally of poor alignment. The tendency for channels to develop

toward the point of diversion was demonstrated more vividly when the

Mississippi River channel moved from the left bank to the right bank

after the Old River control structure was placed in operation on the

right side.

119. The reaches studied included various types of dikes and

provided some indications of their performance which are outlined below:

a. Spur dikes. Most of the spur dikes were constructed
with some stepped-down effect in elevation. The
Baleshed dikes and Wrights Point dikes (pile dikes with

pstone fill) had the stepped-up effect. Very little, if

1 ____53

'4



any, deposition was indicated between these dikes and
there was scouring below some of the dikes during the
period investigated, particularly the dikes farthest
downstream. Water level upstream of each of the
stepped-up dikes tends to be highez than that in the
adjacent channel when the dike upstream is overtopped,
creating a lateral differential that may tend to cause
sediment to move away from the dike. The dike farthest
downstream in a stepped-up system tends to be less
stable than in a stepped-down system because of the
higher head and greater scour.

b. Dike angle. Most of the spur dikes were angled
slightly toward the downstream or placed normal to the
channel alignment. The Cracraft lower dikes had most
of their riverward portions angled toward the upstream.
Some engineers have indicated that dikes angled toward
the downstream will tend to attract the channel toward
the dikes while dikes angled upstream will tend to
cause the channel to move away from the dikes. The
channel over the crossing remained some distance away
from the ends of the Cracraft lower dikes which tends
tc support the above statement. Since the channel was
in about the same location as before the dikes were
constructed, further study of these dikes would be
required before definite conclusions can be reached.

c. Vane dikes. Vane dikes were included in plans for the
improvement of several of the study reaches. The per-
formance of these dikes varied considerably, depending
on their location and arrangement with respect to the
other structures and flow conditions. Severe scouring
developed on the ends and downstream of one or more of
the dikes in each system during some flows and scour-
ing disappeared during other flows. Vane dikes were
generally placed across side channels downstream of one
or more spur dikes. Flow diverted by the spur dikes
tends to move back toward the vane dikes rather than at
a slight angle, particularly when the spur dikes are
not overtopped. With flow moving toward the vane
dikes, the dikes act as obstructions to flow resulting
in the scour on the ends and downstream. In the case
of the Ben Lomond dikes, differences in water level
from the right bank to the left bank across the vane
dikes were as much or more than 1.0 ft during low flows
and decreased to about 0.3 or 0.4 ft during high flows.
The differences across the Wrights Point vane dikes
had to be much greater. The Ben Lomond vane dikes were
used to cause deposition in the deep channel along the
alignment proposed for the construction of long spur
dikes, thus reducing the height of the dikes. Most of
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the deposition occurred when the spur dikes upstream of
the vane dikes were overtopped.

120. Differences in the water-surface elevations measured along

the concave bank of bends indicated slopes up to more than 1.6 ft/mile.

The differences in water level which varied within the bend with river

stages had to be mostly the effect of superelevation of the water sur-

face rather than a true indication of the longitudinal slope or head

losses along the bank.

121. Most of the reaches studied had long straight reaches be-

tween alternate bends. The low-water channel in these reaches tended

to meander between the channel control limits and be generally unstable.

122. Side channel closure structures have been difficult to main-

tain because of the head over the structures and severe scouring down-

stream. Results with the Island 21-Wrights Point reach indicate how

the total drop in water level through a side channel can be distributed

between two or more closure structures with each succeeding structure

at a lower elevation than the one upstream. The head across each struc-

ture would depend on the total drop in water level through the channel,

number of structures, controlling elevation of each, and length of the

structures at the controlling elevation.

123. A large number of dredge cuts, many of which were of an

emergency nature to provide depths for navigation, were made in several

of the reaches studied. Some of the cuts shoaled within a short time

after completion and many after a substantial change in river stages.

The effedtiveness of dredge cuts on channel development depends on

their location and alignment with respect to the natural trends of the

river. Selection of the best location for a dredge cut is extremely

difficult, particularly in reaches that tend to be unstable, since con-

ditions are constantly changing with changes in flow conditions. Cuts

made where there is a natural tendency for shoaling will tend to act as

a sediment trap and be filled within a short time. The placement of

dredged material within the channel can also affect development and its

effects, particularly with regard to the channel downstream, should be

considered.
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